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Ahst[act

A well-conceived plan of attack is
tssential to the task of designiny a control
system for a large accelerator. Several
aspects of such plan have been
investigated during re;ent work al LAtlPF on
design r3trategies for an Advanced Hadron
Facillty control system. Aspects d!.scusscd
in this paper include: identification of
requirements, creation and enfo[ccment of
standards, interaction with users,
consideration of commercial control s
products, integration with existing control
systems, planning for contin:)al chanqc, find
●stablishment of design [Ovirws. w?-.
rmphasizc the need for the contrnls qroup tn
acquire and inteqralt= acreleratnr (Irsign
information from tht= Stalt of thl- dcsign
ploccss. we suqg~st that a controls d~:sign
fm a new generation nf accelerators hc rfonc
wirh a now g~neration of softwa.r fonlr.

lntroductinn

This ~mpPl nliqinaterf i n di5russionq
rmnreI ninq cnnt.rnl systems foI !IIP AIlvancP(l
11{1{1r on Facillty (AIIF) Cllr’11.lllly t),. i nq
Invest iqated as palt of tho w,IIk of lb!’ [,(1?,
A]amos meson PhyLics Facl lily (I,AMIIF).

Since actual impl~mentation of ,111 AIIF
,.ontlol system iS zevcral years in thr
future, our concfi ns focused on (hf. global
issues rlf ccntrol fiystcms rlcsiqn,
pa[tlcularly as th~y applicrt to particle
acccleratots. we arr well aw!.11(, of thr
futility of speculating on fut’lrr hardwarr
[rchnoloqy. The exercise OK w[iting thirr
paper haa h~lperl to refine 13u r irteafi on
rnnt [01 syaterr design. wo offer 0111
inniqhts for use hy othrrs, whn m,~y l)- in A
:;imilal Kituation.

We emphasizo th~sr design aspects In
Lhc remainder of this paper. After briefly
d~scribing the ,Ydvanced Hsdron Facility
accelerator propohals, we discuss some of
the Important global aspect~ of accelerator
control system design. Our final section
deals with a possible approach to providinq
the integration and unification that is
vital to the successful oporation of a nrw
generation of ac:clcrators.

The Advanced Iladron ~.acllI~y. .—

AS initially visualiz~d [3], ttlc
accelerator fr)l the Arivanccd Hartron
Facility, then known as I,AtiPF II, w,lq !O usc
the 800-fleV, l-mA, !.?O-IIZ I.AHPF linac as an
injector tn m 6-Gr’J, 144-Ir@, 60-IIZ t)nostl,r
synchrntron. The ho(lsto[ would thcl inject
beam into a 45-GPV, 32-uA, 3.31.-117. ma i n
synchrotroll with a 5ot duty factol . The
facility W,IS to IIC a kacn factoly pr(;vi(!inq
an a[ray of 1 iql)! hndronic prohr$s LO
invcstlgatr physir.,11 [~qimrs f)t-ylln(l t h v
stand.n:d mode 1 ,111(1 ! n .lddl l-s!, t tlt~

q~Jalk/qlunn frrntinl .

Tll I’ CIII 1(’llt AlIt’ ,“’O1ll. @l)t [ 4 ] I!i ll,l!.P,t 1)11

--.:ldi,lq a1. combinr[l kaon facloly anll a

second qrnr rat Inn spa] 1.11 ton nout rt)n C.OUI I.O .
The prnpnsrd accrlrlntor pl(lll is 10
accclorate Lho LAMPF h~am to 2 rTrV uninq a
1. 2-GcV supc[ conduct i nq aftoll)ulnrl linnc,

This hcam would then I,P used to II1]PC1 a
comprcssol ring (possibly fivr rinqs
operating ot 12 Ilz) whoso output would dl ive
the sl)allatlol) srJul l-e. The output of the

supercolducttng aftclt)urner WOU 1 d also bc
used to inject. the kaon factory
synchrotrons . Tile synchrotrons would mo~t
likely include a ]%-GeV hoostnl and and a
60-GPV main , inq. An acrurnlllatnl rirrq ad A
c1 retchc; I inq mlqhl ,ll!. () hr nrcrs!ialy,

‘/11P final (Irfiil]l] nf t 11(- AIIF will
\llldo Ilht Ortl y Ir(lllllo ,111 Ov(llvinq !;l)ll{lf.11(.r (If

accelofal~}l .;, s(lme I) Ill It AlIll (.r)mmi fisinnr(l

Gepdlfitrly, till t all Im{IIl I ino (-r)nr(litl.l(rrt
1 Imlnq ,Iml cOIII 1013 II, l)llPIA!r !.11(.(.vr,nfully.

Sllrcrfintlll fII)Pt at lr)ll WI I 1 I1fTt only in[:lu(lp

d-l ivc I In. t !hr plnni!.~td I,vam rnmll~i~,r. and

inf_en%it lo!;, lNlt :Ir,(l llmit 11111 Il”am 107.sII:,,
whlrh (.,111 IttIillll Ill llllll,’l. nlll/tlll,l n( t ivat iI)II
1PVP15 III n hlqtl Intrnxily ar-r-lclat(,l, TIIP

final Il~qilIIII will nln(I m,,%t IIkely Allow 1111
pl)fifilblP 111)1;1Il(lrri Ill ! ht. ,1(. (.ololat, )l r, i II

both Ill! rn!.ity and fill.llly,

A 1)1 Irf Ilefil”llpt 1,,11 of pln~ltl!irll (“(lIltl!ll
~v!.tvm ll.IIIIW, IIII fot tll- Alll’ 1!, IIIVVI1 in [ l],
Slllf’m Itlr fillrlt~l, tll,l:s mjtb 11111 III) thr Alll’ aIe
I-RI mll.%lolll. t); Fxlfi! 11111 Ivl.lhlllllt)l l:., t Ilf+y

l)lr%nll! I!*W IIPW halllw.11~1 I (Illt Illlc I}lol)lmmf,.
“1’llr Alll’ l)IIIIIIlli(.I 111111’, 11111, tlIl+FVml , mIIlloIIli

11)0 111111)19.r.l IIf Ilef;i,llllll,l .1 l-(lllt 101 fiy:itelll.

Anpr~lG of (.IIIIt IItl !;yl.trm [)enl~II

Till, 11)111 I!)lrr ql(]llll il; I-III 11[1 Jnllir.. ll 1111}

I 11,11 II)(lhl, Ill t ho Whl)ld Illltllle, 1! in

IIIIIIIIIOly htlilo~l t , II~nl 1711)11 lhm Imlh)t t aIIIF

!)f illll~ql!lt 111,1 I 11P \*, !l II IIIK A!.l N.l, tl, (1! I hl.
h{. !rl FIAtlll {Ior,l!lll. It Ilnh I Ilr
,@!illlll l!; llllll!y c1t Illllvl(llllll I 111)?, lll~lw!.~1)
lIIP ,)l)vlal,,l nllfl tll I. Allvll.lntt,l tl.!l~lw!ll ~’.



It als(J bar, [C!spcnslblllty tlJI 111V(,3( l(J,!t 111,.J

the entire accelerator onvirunrnrnt Wtlt:ll 1 I

appears that one of these links has failed.
In thi6 Gection we discufi~ areas that must
be considered In producing a design fo[ an
integrated acc~lerator control syclrm.

Generic Control *stem Functionality_ — ._ __ ___ . . . .__.

Control system6 can be categoiizerl ky
the leve16 of functionality they support.
An an~lysls done recently at LOS }lamos [s]
identified the following seven levels nccrfe{i
for a full, automatcrt control sy$tcm.

1. Data ac,~uislt ion -- tzata IIrscfihlnq
i he ~roce.+s stat~ is (rIl lortcrl
through the conltcrl fiystc.m.

2. Supervisory control -- 1’))0 npo[atr31
can control remote rfoviccs throuq))
the control sy~tem.

3. HorfP 1 support -- A ml),!{? i [) : I tlr
controlled pIoccss lZ availabl,! fr)f
tlrsignln!~ !)lP I)l(]fl.!,s !1111! !(,1

(Cfitlll!) [) II> II(>S PI! (.), ,,1),, ,.!, I ( t Ill.
~,lf)(:vss.

.; (: IrI! i III,,),,:, f ,Jr)t [’)] ,)111 II 1 1,1(!1 ,,
Arl, 1’11):,0.(! t Ilff,lllll, Vht. (.131111 {)1
sy:,l~.m ! (. \lll)..’l(llh !.10,111; !!latl,
(>1,*,1 !at lf)l)

‘. Gnqll,,ll! 1,11 ,!) III 1 (.1 71,,. f’~,ll! 11.1
~ystvm c.111 aut[]m,ltjf ,311y ~.,>1 f(, Im ,,
ficrion t.f act. ionr to (:t),lllgf. t ho

r,t ato of thn contl(,lle( ! prorr:j~. .

t, Fault Iorovcry - !;f,qllf,r)llal
COI)LI131 can be a~)pli~(l to automate
fault rer-ovcry.

1. W! Imizalion -- Thr (mIItI(Jl Syctvrl
can attempt 10 ol)tlmlz~ t he
(“OntlOllnd PIOCCSK t)y rhallqlnq
ronr,inucrufi crzntlf)l ~nd %Pqllcntlal

,:ol)tlr)l parnmetel% Al)fomaLically,

(’l): fPllt ●-f:vlrr,ltf,l ,,,1, t [,!] !,., ,,$ ,Ifrjf,

lm~)lrmol)f mlt I??afif llAt,l ,11. qlll,, l t 11)11 ,111(1

.,,, ,,,. fv, r,,, ,y ,,,, ,! 1,,1 l.’lpat)lll! 10 :,. l’.lrli.~l
,,ll[l~ltll ! 1.)1 f)t hot Iovolfi lrl l.t)mot 1,.11.Y, mll(lr.
,3Vallal)io, I)ut often only 11) a voly ml II(),,
m.+nnml . Wv tl@lipvm that thlm Alll’ (I III! Inl

riystrm shoIllIl l)rovlde fiuppIIIl !111 Pall) (if

t Ilnso lr,vrlfi i H an lrlt~t~ratefl 5y!, tom ltIal

al low., tlIr ral, at)illl lc.1, IIf 111- 10,/,.1., ttl 1,,.

(f o not sr. ~ an ,lt.l!,nlllti! I~quirvmclht fnl

totally aut.nmatctl cnnt Iol for the AI”F, lt

seem~ clear that tt)r nccrecsary honk:. sholllrI
IIC present,

model suppfJIt l!i l)rr,vi(iccl in nea[ i’j

Pvr=ry accelrralor control Gystcm, k)ll 1
usually not in an integrated manner . Fn I
example. ~t LArlPF a modeling ~roqram 1s run,
a number is printed out or “.r]tt.en dour , and
that number Is later used to manually set a
magnet powc ? supply or for some r)ther
purpose. A state-nf-th.?-art AIIF control

system should p[ovide Ilniform acr-055 t()
rnodclinr, software and mort,?l rfcrivpd rl.+ta.

For many control systems, =ome amnunt
of :o~tinuous control has breII added as an
afterthought as confidr=nce g[cv in t )11,
reliability and fitahility of tho cnnl rnl
system and the d~ta. An lntprrstlr:l]
implementation of clnfied loop col,trol can I)c
found in the Stanford Linear COllidmr

control systrm [6]. The AIIF control sy~tr.m
should also prrzvidc rloserl lrrop cc)ntrr]l 1)
an Inlcqrated nannor .

Many mnlf. hinr nptlmlrat ]I:n,, ,. , ,,

Ilrldr.rfiti,, ,; -,1,1 1 f,rlnugll tn lJ~ l,?,! frjrm~,, ! III ,111
algr)rltllmir fafihlon. Othrr .)l)t Imi:,. at 11111,.
are ~inne nnn-alqnrithmicdl Iy ---- fnf oxamljl~,,
I)y an opolator Lweakinq a m,lqrlrt ! f> (It, t
IJPLIP1 pet formnnco. Repre~entat inn and II!,I>
of tt)ifi form of knowldqr? will pl(]hahly
reql:ire tir)m~ attiflrlal intv]ligonrr (AI~

capabi lity. Srzmc initial Step- havv IIPP!l

tahcn to lini. modeling with AI [“l,i-1]
Machine reas, ning has also been found to 11;,
of use In diagnosing malfunction~ in r-omplrx
conttol 6y6tems [9], Rnsed on these
p[oject~d U6P6, we rect=mmenrf that som~
support for eventually usinq AI
functionality be Intrgraterl Intn tho AIIF
control system from the begtnninq.

Irlrrrtlfying lnfarmation Sourcefi-. . .-

Thc qrnoric functionality r,~)~(:if iofl
,Il]flvr for thr AIIF conlrol syfi~em ,~ivon III, a

L ! tlrlq prIIIl! fur Idontifyinq tho

1,.~

(f)rlt l,)]

t. m Imiltlll-mcrlts. Tho fll!, t ~tol, i:, !II
i,iorll ify thm lnfoirnat ion n~-dorl t 11

th~ d~filr-d fllnctir)nfi,

II! r)vit l,>

Tal)]n 1 Ih a plclimlnaly ,at t nm~]! t ,1

h!lll W !.he lnfr,cm~t 1011 r~tiul I -II t)y
Illllr t 1111),

Oa( )1

TW(I ttt(l~!l f.ateqorle!; AIV II!,OII !1

1111111 mat 11111 PPIIIII :P,I fol Flllllt 11111:

K,lllll,mrrl? Illf,,lm,lt Ir,r] .) ( Ilt,am :!,lat~fl Ii);,)lma, 11,11

(;mf,mf~t Iy ()~lnl#lt i,lll I’#llIlt ,: 110?, I ,111 ry.131,stl11(l {)[)1 )mlrilt 11111

x

Y

x x

x x

x x

x x

M x

I,lt,ll. I

x

K

x

x x x

x x x

x x x x

x K x x x

1! x Y x x M
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classify the :nfo [mat ion. I+cam-relatc(l
‘ information inclllr!cs drsiqn parameters

obtained from modeling codes; opera tinq
parameter6 obtained from expedience
corsmi6sionlnq, tuning, and operating the
facility; and optimization parameters which
come from expel imenl,s explo[ing the
machine’6 parametcl space.
Equipment-specific information is that which
describes the details of individual devices

that make up the facility. It includes
device geomet[y I both location and
configuration), the access mechanism and
addres6 for acquiring data from and
controlling the device, operating
instructions, conslr0int6 all using the
device, and device fault bdndllng.

Once the requi red information is
identified, the next logical step is to
determine what activities will supply that
information.

Table 2 Slll)w:! (1 lis’. {If cig}lt
a(.crlerator-[ slat P{I acliv iti c:. 111.lt p[oducc
the information idcntifirri in Tal$le 1. Not (’
that t!,e beam (Irsi.ln, commis:;lof)lng, an(l
tuning activities all usc mcrtclil],! so[twatc
to aid understanding and prrrrict.nn of beam
hcllcrvior. The tunil)q activity ●lsn in(:ludc~
accelerator physics cxper Imcnts nvcded to
o~)timize l)e3m pa[am(.(crs and tn lnvcsLlgatr
nrw opr.rirting mo(lcs . Note ,llfiO that thp
(Irfiiqn, installnt inn, A r,(l ,.[>nmissioninq

act Iv i tics will I,r rP[>fIalc!Il whOm I...r I the AIIF
Ifi upg:adcd.

The irnportanrr of I Ill, design,
installation, and t.uni ng iicllvilics in
gcncratinq info[m,ltion of In[olc!.1 to the
control system is made abundantly clear by
Table 2, The control systcm must bc able to
extract acccleratnr palnmctcls rrrnclat.ed in
each of th~sc pha~cs as WPI1 as Lhl=
accolorator paramotcrc rfrtcrminrfl ,1s paft of
tuning the machine. Note that !it?fi igIl
parameters (e.g., cmittancc) ,al@ not
necessarily the same a S t ho relatcrl
commi6sloning or Oljotatiny paI,lm~tv [s. Th 1 z
distinction should ho main~alnl.,1 wllhin the
(.(llltlol system.

AII rxaml)lv (If t )1,1 bm~~, I t .II)I.8. nf

ro(. nldlnq {Iofii,lr) lnf O1m.lt 111, i n ,1
t.or)f,i:,lnr)t , Ilrllvr,rhl!lly ,1((1.,. ,11 )1,, m.llluv I

cccurred recently at LAKII’F. The operations
group had a request to acct?letato the H+ to
less than the 800 HeV maxiamm energy of the
linac (an unufiual operating mode for H+).
Thi6 1s done by allowing the beam to drift
In the later portion of the linac, but no
one knew how to set the quadruple magnets
In the drift region, Some searching
produced an old program listing co:~talninq

“magic” numbers fo[ computing the quadruple
settings. The computations were redone ,
producing what we hope are the correct
value6. It is possible that this exercise
could have been avoided If the relevant
design information had heen integrated into
the control system.

User and Environmental Requirements. ..— —— _ .. ___ . . .

The activities identified in Table 2
also point to the four majol classes of
control system users. Notr thn[ a
person

qivcn
may I>crfo[m mu[~, than nnc of tho~o

roles.

n Accelerator phy!,i(]sts

o Equipment cnqlnepts

0 Operation!, staff

o Controls staff

The information thr users ne~d and t Ilr
activities in which they a[r involvc~i help
to identify the requirements they add to t]},.

control system.

Accclcrator physicists usc the con! rol

6ystem to compare the actual and theoretical
behavior of the accelerator, using both
experimental data and the modeli:,y software.
They are interested In the accelurato[
design, comvlfisioning, and tuninq
activities. They want a flexiblu, efficient
control syb’tem with a simplt find ccnristent
operator Interface. Because of thr lonq
Intervals between tunrs for most largr
macnlne6, An operator intcrfacc that is cnsy
to remember or rclra[n in pnrtirjllnrly
valuable.

Equipment cIIqIIlrcIfi rfcsign, im!llomrnl ,
and maintain t.h m harrfwarP thaL makes thr
.=,ccrlrrat,r): work. Thny Usr ttlr (.ollt 1 (1 I

Illf,,lmal 1(111 !;IIIIIIIIC(I hy Activity:
.. . . .. . . . . . . ,- .-.,

# t.ll\)ll,ma,),’ :I)f,, lm,lt i<)r) .> <----- IIPam Inlotrr! Illf,)[m,ll ~,,,,
(;.-. .T!PI I y 01~-.l .1. I I)r) F.lult%

-.

AII.v!,%
Desiqn ol)@lat 111(J

(“orls,l I,lirlt?i
opt ilrlizilt 1011

Artivity:
Param~telG Pn[amr,trl!; l’.1ramt.trl,;

. .

Ilram I)etiiqr) x x

Tllll 1 11{1

ttrtlntrnan(:o x x )( x x

x

x

x

x

x

x

rilt,lr ;, A,’1’vlrlalrlr (’011111)1 :;y~tom ]llf,)lm,l! i,)ll :, ,111 ,., .1;



.

system to monit. .r .= II)II dlafJnns@ thr? harrfwar~.

They often want hardwarr cont{nl at a remoto
location and thp ability to operate
subsystems inricpcndently.

The operators are cnnccrned wi th all
a6pect6 01 running tl]e accelcr.+tur:
commissioning, tuning, and production. They
need Lo be able to put the accelerator in a
known state and keep it there. They must
have rapid resrans~ to fault indications and

the support nf the control system in dealing
with thcm. They want a control system that
is ●fficient and ilas a cr)nsistcnL operator
interface. The control system may also be
used by the operation staff for traininq
purposes.

The controls staff mosl often USI?S thr:

control system Lo LeGt software and to
diagnose system-wide problemn. They need
access to all hardware slid software lr?vels
of the system.

Particle accrle[atnrs dseLi for phyzicfi
research are alwayfi in a state of
development. Th P control system must IN?
flexible enough to cope with this constant
chanqe . This means not only arfd,ng raew

devices of a knowri Lypr=, I)tlt alsrr atlrtin]
previously unkno!:n rfcvicc typos . ‘I’t] i 5
requilerncnt han a large impact on the amount
and kind of floxihliity th.~t is t)uilt into
Lhfi control tiystrm.

An environmni)tal rrqnirf)mcnt cnmmnn t.<)
many accelerator control sy%terns is thr= need

to handle existinq control syfitcmz in thr!
new control syctvrn plan. This requirem~nl
arose at CERf.1 with the SPS and has now
arisPn with LEP, It will certainly be a
concern at LAf4PF. The options are

o To exlfrrd an alr~d(A’? t?XiStill(J

control fiy~tem if thf=-o{tqina] 16
robufil enouqh;

G1.+ndnlrl,. *rl,l llltr.jl~l 1(111

assianin~ w~irllll 5 t 1) Va:lf)l]!; rcauirement.,
characteristic tfi I)e]p in ;esolving
conflicts. Wo alsn sl]gqrr,~ that an external
(at least to the ccntro15 qroup) review of
Lt\e requl remcnts t]c mnrfe . The external
rev lowers rihoull inrl(],lr ,in:,)qnr.rr and users

of other cnnt.r(jl r.y:.tomfi.

once the overall rc{lui[cmcnt.fi have been
[nrmulatcd, the prncr?ss of integration and
standardization can beqin. A control system

de~ign environment. musL b? established and
its uric initiated. Easy, standardized
mechanisms must be put in place to allow the
ar:qui6ition of rfesiqn information from
mrxfe:incj 5oftware, from computer-aided
desiqn fC.AD) syfitcms, from other databases,
and pofisib!y f[orn prnjl,ct management (e.g.,
PERTI systems. (JrlP murnt alzo decide who
will hr permit.tod tn mn,lify [}IP Information
prcnervcd in thlfi r.nvilnllmnnt

Ilryonrl I.tlr I!,. 51,JII f.nvironment,

:;tanrfnid% mu%l t )1?11 1)0 !,r-.t for hardwarp
interfaces, nrtwnrk:,r anf! flor-reric operator
intqrfacc toolK. rh,. real test of
integrating Clofi?rl-lonp control, modeling,
and automatic Srqu(,ncinq and optimization
ctln then be addro:.fird.

Enforcement of r, f,ar),larrlc l)rrsc L seriou$
adminlst,rattvn prr,))lf.fnfi111some caces, but
one person’s failllrv tn r,nm[)] y can I)ccomc
c, eryonr’fi long Lrrrn I)rrrh]om. Perhaps the
;ri)st effertlvr np[)lna r-h IT* 10 work hard at
thr brqlnninq nf tho I)rl)]r,c! !(J convince all
parties of the va]ur an{] im[wrtance of the
ntandarrfc. Coll~ctlnq and mdking use of
fiuqqestionfi f~om all inlrrr5Lcd partl~s can
he very effectlvr, Rcviewn or walkthroughs,
required as a regular part of the design and
implementation proccsn, can also be useful.

Conclusion .

Throughout thil. pap~r we have
emphasized tht? wide range nf information
that must be cai~!l..od In a control system.
Wr have alr,n 11(8, md n n~r-rf for a common
rf]vl ronm?r;t i rl w) I rll inlr,;ratlon ran tlr
arrnmpl ir,l)-rl. Ttl: ., illft)lma! iorl mu~t t,m
racl Iy ul)(lrmtr,,l wtlt,l] 11~.~ In!rlr mat Iorl I)ocomms
.lvailal)lo, arrl IIm nlt)r.lqo rrrr.r)lanl~m must I)P

!Irxil)lr. erlf),lr{tl ! 1) rr[)tmspnt , ar.d dllr)w
ItIaIIr~ec t., ) Intrr roln! Ii,ll:,llil)!,, The crrntrnl~

,Ir OIIIJ mllr;t O!, tfllll I!ltl f 1,1. I,rlvi rr)nmmnt i 11

wbl r:h thi!, Irlf,)lrn.l!l,,ll I .lra t,r. gat. her.. (l,
r,~r)rorl, ar),l Il,l,kr.fl.



this approa;h offers :Ile nccdeu control

system inteqra~.ion and Flexibility, and also
allows the later introdu~tion of AI

techniques. We are currently investigating

this possibili~y.

We have pu[posely not dealt with

network design, operator interfaces, or
hardware interface standards in this paper ,
We feel that such details should only bc
iesolved when the control system logical

structure and philosophy have been firmly

established. We emphasize again that the

controls t-cam must bc involved early in the
accelerator design process in order to

provide an integrated and flexible crrntrols
product.
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